We present photometric observations of RW Aurigae, a Classical T Tauri system, that reveal two remarkable dimming events. These events are similar to that which we observed in 2010-2011, which was the first such deep dimming observed in RW Aur in a century's worth of photometric monitoring. We suggested the 2010-2011 dimming was the result of an occultation of the star by its tidally disrupted circumstellar disk. In 2012-2013, the RW Aur system dimmed by ∼0.7 mag for ∼40 days and in 2014/21015 the system dimmed by ∼2 mag for >250 days. The ingress/egress duration measurements of the more recent events agree well with those from the 2010-2011 event, providing strong evidence that the new dimmings are kinematically associated with the same occulting source as the 2010-2011 event. Therefore, we suggest that both the 2012-2013 and 2014-2015 dimming events, measured using data from the Kilodegree Extremely Little Telescope and the Kutztown University Observatory, are also occultations of RW Aur A by the tidally disrupted circumstellar material. Recent hydrodynamical simulations of the eccentric fly-by of RW Aur B suggest the occulting body to be a bridge of material connecting RW Aur A and B. These simulations also suggest the possibility of additional occultations which are supported by the observations presented in this work. The color evolution of the dimmings suggest that the tidally stripped disk material includes dust grains ranging in size from small grains at the leading edge, typical of star forming regions, to large grains, ices or pebbles producing grey or nearly grey extinction deeper within the occulting material. It is not known whether this material represents arrested planet building prior to the tidal disruption event, or perhaps accelerated planet building as a result of the disruption event, but in any case the evidence suggests the presence of advanced planet building material in the space between the two stars of the RW Aur system.
INTRODUCTION
The circumstellar environment of young stars of a few Myrs old (T Tauri stars) involves complex dynamical interactions between dust and gas that directly influences the formation of planets. Past studies have shown that binarity is a common property of T Tauri stars (Ghez et al. 1993 , Leinert et al. 1993 , Richichi et al. 1994 , Simon et al. 1995 , Ghez et al. 1997 . The process of planetary formation can be significantly altered when the circumstellar disk is gravitationally influenced by a stellar companion (Clarke & Pringle 1993; Dai et al. 2015) . Specifically, strong binary interactions with disks are also likely to influence planetary core formation and chemical composition by stirring up and heating materials, enhancing planetesimal collisions. The prototype example of this type of system is RW Aurigae, a binary system of two Classical T Tauri Stars (CTTS), RW Aur A and B (Duchêne et al. 1999) . Detailed millimeter mapping by Cabrit et al. (2006) showed evidence of a recent close stellar fly-by of RW Aur B which disrupted the circumstellar material around RW Aur A, leaving a short truncated circumstellar disk and a large ∼600 AU long tidal arm extending from RW Aur A.
The system parameters are comprehensively described in §2 of Rodriguez et al. (2013) . Briefly, the RW Aur system is comprised of at least two components (RW Aur A and B) separated by ∼1.5 ′′ (∼200 AU) (Cabrit et al. 2006) . Bisikalo et al. (2012) measured that the separation of RW Aur A and B over ∼70 years has increased by ∼0.002 ′′ yr −1 . At the angular separation and 140 pc distance, the Keplerian orbital period would be > 1500 years (Bisikalo et al. 2012) . It is likely that the orbit is likely coplaner, prograde, and either unbound or highly eccentric (Dai et al. 2015) . This suggests that the orbit of RW Aur A and B is inclined to our line-of-sight, like the disk around RW Aur A, at 45
• -60
• (Cabrit et al. 2006 ). In 2010 the RW Aur system dimmed by ∼2 mags for a period of ∼180 days, marking the first event of this kind observed in this system dating back to the late 1890's (Beck & Simon 2001) . Rodriguez et al. (2013) (hereafter Paper I) interpreted that dimming as an occultation of RW Aur A by disrupted circumstellar material from the close fly-by encounter of the two stars RW Aur A and B. Using simple kinematic arguments, Paper I determined that the occulting object, likely a clump of circumstellar material, was ∼0.3 AU in width, moving at a few km/s. If in a Keplerian orbit, it would be ∼180 AU from RW Aur A . Using simple geometric and kinematic arguments, it was determined that the occulting feature could not be located in the circumstellar disk around RW Aur A and therefore may not be in Keplerian orbit. Recent hydrodynamical simulations by Dai et al. (2015) support the interpretation that a star-disk tidal encounter during a fly-by of RW Aur B could explain the unusual morphology of the RW Aur system. They found a strong agreement between their simulations and the millimeter observations by Cabrit et al. (2006) , which first proposed the star-disk fly-by scenario. The model predicts that the line of sight to RW Aur A currently intersects a bridge of stripped-off material between the two stars. Dai et al. (2015) argue that the bridge structure may have small clumps of dense material that could occult the primary star. These simulations support the original hypothesis presented in Paper I and predict the possible occurrence of additional dimming events. In addition, numerical simulations of eccentric binary interactions of classical T Tauri stars suggest that the interaction can create accretion streams of inner disk material onto the stellar photosphere. These streams would be created near apastron and eventially form into "ring-like" structures around each star (Sytov et al. 2011; Gómez de Castro et al. 2013) .
In this paper, we present new high-cadence photometry of the RW Aur system showing a shallow dimming in 2012-2013 and a second, larger dimming event in 2014-2015. The 2014-2015 event was first reported by Petrov et al. (2015) and resembles the dimming observed in late 2010 (Paper I). We apply similar geometric and kinematic arguments as we did for the 2010 event to show that the new dimmings are consistent with another clump of material from the tidally disrupted disk.
PHOTOMETRIC OBSERVATIONS
Several photometric surveys have observed RW Aur over both short and long timescales going back to 1899. Here we describe the observations used in our analysis.
KELT-North
Starting in 2003, the Kilodegree Extremely Little Telescope (KELT)-North survey has been continuously observing the entire sky between a declination of +18 and +44, searching for transiting Hot Jupiters around bright stars (8<V<10). Each KELT-North field spans 26
• × 26
• with 23 ′′ per pixel. All observations are in a broad R-band filter with a ∼15 min cadence (Pepper et al. 2007 . RW Aur is located in KELT-North Field 04, which is centered on α = 5hr 54m 14.466s, δ = +31
• 44 ′ 37 ′′ J2000. We obtained 9619 images of field 04 from UT 2006 October 27 to UT 2014 December 31. The data acquisition and reduction is described in detail in §2 of Siverd et al. (2012) . The KELT-North observations do not resolve individual stars in the RW Aur system. The telescope's f/8 focal ratio, coupled with the camera's array of 3072 × 2048 (9 µm) pixels, yields a field of view of 19 ′ .5 × 13 ′ .0. The CCD was kept at an operating temperature of -15
• C and dark, flat, and bias calibration frames were applied to all data images in the usual way. A sample data image is given in Figure 1 , labeling RW Aur and four standard reference stars. The known magnitudes of the reference stars are listed in Table 2 . A standard method of aperture photometry was employed, and the instrumental magnitudes were colorcorrected using several Landolt standard fields. The KUO observations do not resolve the RW Aurigae system. The observed BVRI light curves are displayed in Figure 5 and the B − V color curve is shown in Figure 6 .
American Association of Variable Star Observers
(AAVSO) AAVSO is a dedicated, non-profit orginization with the primary goal of understanding all types of variable stars. The archive consists of data from astronomers, both amateur and professional, around the world. Reported observations for RW Aur begin in 1937 and the data used in this work are either in the V band or visual observations. The AAVSO observations do not resolve the RW Aur system.
RESULTS
In this section we review the results from the 2010-2011 eclipse and present new observations from the KELT-North Survey showing two additional dimming events in 2012-2013 and the 2014-2015 dimming event first announced by Petrov et al. (2015) .
2010-2011 Dimming
Photometric analysis of the RW Aur system by the KELTNorth and AAVSO surveys showed that in late 2010 the RW Aur system dimmed from V ∼ 10.4 to V ∼ 12 for ∼180 days. Since RW Aur B is too faint (V ∼ 13.7) to affect the total brightness of the system (V ∼ 10.4), we assumed the entire dimming was caused by a decrease in flux from RW Aur A. This corresponded to an 86% reduction in the star's flux. Spectroscopic observations by Chou et al. (2013) , which coincided with the first half of the 2010-2011 dimming, suggest that the accretion behavior of RW Aur A was consistent with previous observations prior to the large dimming. This provides evidence that the dimming is independent of the close- in star-disk accretion process. Paper I modeled the dimming as an occultation of RW Aur A by a large body which possessed a sharp leading edge perpendicular to its direction of motion. Combining this model with kinematic and geometric arguments, Paper I argued that RW Aur A was occulted by a large (∼0.3 AU wide) body moving at a maximum velocity of ∼2.6 km s −1 and if in Keplerian orbit, would be located ∼180 AU from the star. Since the known short disk (57 AU, Cabrit et al. (2006) around RW Aur A is quite inclined to our line of sight (> 30
• ), in Paper I we argued that the occulting body could not lie within the disk plane.
2012-2013 Small Dimming
In the two seasons following the 2010-2011 dimming, the median brightness of the RW Aur system was slightly fainter then the median brightness of the season prior to the dimming (V ∼ 10.5). In early December of 2012, the brightness of the RW Aurigae system dimmed from a median brightness of V = 10.5 to V = 11.2 mag for ∼40 days (See Figure 3) . As with the 2010 eclipse, if we assume the entire event is the result of only RW Aur A dimming, then RW Aur A dimmed by ∼50%. Although our ability to estimate the ingress timescale is hindered by the known short-timescale photometric variability, we can constrain the ingress duration to be 10-20 days. We also estimate the egress to be similar in duration to the ingress. This event is about a third of the depth of the 2010-2011 event and significantly shorter in duration. However, the 10-20 day ingress timescale is similar to the ingress timescale of the 2010-2011 event. We adopt the same occultation model as in §5.1 of Paper I, that is a large body with a sharp leading edge perpendicular to its direction of motion passing in front of RW Aur A. Since the ingress/egress timescale is similar to what was determined for the 2010-2011 event, this implies that the occulting bodies that caused the 2010-2011 and 2012-2013 dimmings are moving at a similar velocity and are located at a similar semi-major axis (that are 2.6 km s-1 and 180 AU, respectively). The duration of the 2012-2013 event is only ∼40 days, which implies that the occulting body is 2.6 km s −1 × 40 days = 0.06 AU in width (as compared to the ∼0.3 AU width estimated for the occulting body of the 2010-2011 event).
2014-2015 Dimming
As first reported by Petrov et al. (2015) , after the seasonal observing gap in mid-2014 the RW Aur system appeared significantly dimmer then in the previous observing season. From analyzing the Hα and He I line at 5875Åbefore and during the 2014 dimming, they find no evidence that the known high accretion rate of RW Aur A has changed during the time of the dimming. This suggests that the dimmings are unrelated to the accretion process which takes place close to the star. Their observations of the Na I D lines and the Ca II K line provide evidence that the stellar winds of RW Aur A have changed significantly and propose that the increased wind velocity is pushing dust from the disk across our line of sight. Resolved U BVRI photometric observations of the RW Aur system during the 2014-2015 dimming indicated that RW Aur A was dimmer by >2 magnitudes in all bands and was actually fainter than its companion RW Aur B on UT 2014 November 14 (V∼13.7) (Antipin et al. 2015) . X-ray observations during RW Aur's bright state and during the 2014-2015 dimming show that the absorbing column density increased during the dim state and was consistent with the interstellar medium's gas-to-dust ratio (Schneider et al. 2015) . Moreover, the resolved photometry by Antipin et al. (2015) suggests that the dimming resulted from foreground grey extinction and also provides evidence that all three dimming events are the result of only RW Aur A becoming dimmer while the brightness of RW Aur B remained constant. Combining the KELT, AAVSO and KUO observations, we find that the combined RW Aur system dimmed by ∼2 mag in the KELT-North observations (Broad R Band), similar in depth to the 2010-2011 dimming (See Figure 2) . Similar to the season prior to the 2010-2011 dimming, the RW Aur system was slightly brighter at a V ∼ 10.4 prior to the 2014-2015 dimming. Using KUO, we conducted multi-band (BVRI) photometric monitoring of the entire RW Aur system prior to and during the 2014-2015 dimming. We find that the depth is ∼2.3 mag in B, ∼2.0 mag in V, ∼1.75 mag in R and ∼1.5 mag in I. Antipin et al. (2015) showed that during the beginning of the 2014-2015 dimming, RW Aur A had dimmed by ∼3 mag and was actually fainter then RW Aur B in all bands in which we observed in (BVRI). Therefore, since our observations do not resolve the system, this depth difference is likely a result of the fact that the light from RW Aur B is included in our measurement. In §4.2 we discuss that in fact it appears the dimming evolved with time, steadily becoming more grey.
Similar to the 2010-2011 dimming, the short-term nonperiodic photometric variability that is so prominent outside the 2010-2011 dimming and prior to the 2014-2015 dimming is still apparent during the new event but has diminished significantly in amplitude. During the 2010-2011 dimming, a few large 1-1.5 mag brightening and re-dimming features were observed and attibruted to sub-structure in the occulting body (Paper I). In the AAVSO and KUO observations of the 2014-2015 dimming, we observe a ∼0.5 mag peak-to-peak amplitude brightening and then dimming event over an ∼80 day period beginning at JD-2450000 of ∼6970. Interestingly, this is similar in depth and duration to the entire event seen in 2012-2013. Observations at the end of the 2014-2015 observing season from KUO and AAVSO appear to suggest that the RW Aur system may have begun to return to its original median brightness.
As with the previous two dimming events, we model the 2014-2015 dimming as an occultation of RW Aur A by a large body with a sharp leading edge perpendicular to its direction of motion. Unfortunately, the potential ingress and egress of this dimming appear to have occurred in the 2014 and 2015 seasonal observing gaps. Therefore, without an estimate of the ingress or egress timescale, we cannot calculate a transverse velocity of the occulting body. However, from the 2010-2011 and 2012-2013 dimming events, we calculated that the ingress timescale was between 10 and 30 days, which corresponds to a transverse velocity of 0.8-2.6 km s −1 . From the KELT-North, AAVSO, and KUO observations, the 2014-2015 dimming lasted at least the entire duration of the observing season, ∼250 days. Using this duration and adopting the calculated transverse velocity from the analysis of the 2010-2011 dimming suggests that the minimum width of the occulter is at least 2.6 km s −1 × 250 days = 0.38 AU (0.8 km s −1 × 250 days = 0.12 AU) since our total duration is only a lower estimate. 
DISCUSSION
In Paper I, we argued that the 2010-2011 dimming was caused by a consolidation of tidally disrupted material occulting RW Aur A. "In this section, we argue that the recent dimming events observed here, and first mentioned by Petrov et al. (2015) , support this interpretation. We also discuss the possiblity of grain growth in the disrupted material.
Interpretation: Occultation by the RW Aur A Tidally
Disrupted Disk Material Using the IRAM Plateau de Bure Interferometer, the RW Aurigae system was mapped in 12 CO and dust continuum (Cabrit et al. 2006) . Their observations showed a long tidal arm wrapped around RW Aur A. Through comparison with numerical simulations by Clarke & Pringle (1993) , they proposed that RW Aur A recently experienced a fly-by from RW Aur B. This interaction would have significantly disrupted the disk originally around RW Aur A, resulting in the truncated disk and the large tidal arm. Also, the spectroscopic observations during the eclipse show that the accretion rate of RW Aur A did not change during the dimming (Chou et al. 2013) . Based on the millimeter and spectroscopic observations, Paper I proposed that the 2010-2011 dimming was caused by an occultation of the primary star, RW Aur A, by tidally disrupted material. This hypothesis has been supported by the hydrodynamical simulations by Dai et al. (2015) which suggest the occulting body to be a bridge of disrupted material connecting RW Aur A and B. The simulations also predict the possibility of additional dimming events.
Photometric monitoring of the RW Aur system from KELTNorth, KUO and AAVSO show two additional dimming events that occurred after the 2010-2011 dimming event.
From the 2012-2013 dimming, we estimate a similar ingress timescale as we did for the 2010-2011 event. We do not have coverage of ingress/egress for the 2014-2015 event due to the seasonal observing gaps. The similarities in the initial dimming duration for the 2010-2011 and 2012-2013 events suggest that the occulting bodies for both events are moving at similar velocities and likely at similar distances from RW Aur A (if we assume the occulting material to be in a Keplerian orbit). Therefore, it is likely that the cause of both (and possibly all three) dimming events are related.
In this work and in Paper I, we made some simple assumptions (sharp leading edge and Keplerian motion) to determine some characteristics of the occulting bodies that caused the three dimming events observed. Our calculated transverse velocity from the 2010-2011 and 2012-2013 dimmings are consistent with the measured velocities of the tidally disrupted material from the millimeter observations by Cabrit et al. (2006) . This velocity suggests a semi-major axis of ∼180 AU, which is less than the projected separation of RW Aur A and B (∼200 AU) but larger then the estimated extent of the known disk around RW Aur A (57 AU, Cabrit et al. (2006) ). The hydrodynamical simulation by Dai et al. (2015) of the RW Aur eccentric fly-by nicely replicates the millimeter observations by Cabrit et al. (2006) and support the interpretation that the 2010-2011 occultation was caused by an occultation of RW Aur A by tidally disrupted material. The simulations also suggest the possibility of additional dimming events in the future. Our observations and analysis of the 2012-2013 and 2014-2015 dimmings are consistent with the simulations and interpretation first proposed in Paper I.
Since no other dimming event was observed for ∼50 years prior to 2010 (Paper I) and two more dimmings have occurred since, it is probable that the 2010-2011 event was the leading front of tidally disrupted material and more dimming are likely to occur. From the hydrodynamical simulations, Dai et al. (2015) suggested that the occulting mechanism may be a bridge of material connecting RW Aur A and B. Although this structure is poorly resolved in the simulations, they estimate it to be ∼100 AU wide (∼0.7 ′′ in the plane of the sky). If the 2010-2011 dimming was caused by the leading edge of this bridge of material, and is moving 0.8-2.6 km s −1 as our calculations have shown, it will take 180-600 years for the trailing edge of the bridge to fully cross our line of sight. In ∼5 years, we have observed 3 separate dimming events with 3 different durations. Therefore, it is possible that >50 more dimmings of RW Aur could occur over the next century.
Young stellar objects have also been seen to eject blobs of gas with very high velocities. An example of this is HH 30, a young system in which gas blobs with sizes similar to our solar system being ejected from the star at ∼220 km s −1 (Burrows et al. 1996) . These blobs are mesured to be ∼0.4 ′′ in width (or ∼56 AU wide using the ∼140 parsec distance to the Taurus molecular cloud) (Burrows et al. 1996; Elias 1978 ). If we assume that the cause of the RW Aur dimmings is caused by similarly sized gas blobs, the time required for one blob to cross our line of size at the observed velocity for the HH 30 gas blobs would be ∼1.2 years. This duration is similar to the duration of the 2010-2011 and 2014-2015 dimming events of RW Aur. Therefore, it is possible that the occulting body could be an ejected blob of gas from RW Aur A. This would also cause the spectroscopic signatures of gas in the line of sight that have been observed by Petrov et al. (2015) for the 2014-2015 dimming. However, we emphasize again that spectroscopic accretions signatures have been found to not correlate in time with the occultation events (Chou et al. 2013) , which suggests that the occulting material is not directly related to accretion phenomena which are generally believed to drive outflows and ejections.
Paper I investigated a series of other possible explanations for the 2010-2011 dimming event that are also ruled out for the additional two dimmings presented in this work. However, spectroscopic observations prior to and during the 2014-2015 dimming event show evidence that the stellar wind of RW Aur A has changed. Therefore, an alternative explanation for the 2014-2015 dimming is that enhanced stellar winds ejected large dust grains from the RW Aur A disk causing the occultation (Petrov et al. 2015) . We do not rule this interpretation out but suggest that the consistency between the millimeter observations of the disrupted material by Cabrit et al. (2006) , our observed and calculated properties of the occulting bodies, and the agreement with the hydrodynamical simulations by Dai et al. (2015) of the eccentric star-disk encounter, favor the tidally disrupted disk explantion as the cause of all three dimming events. Since there is no evidence of prior occultations for the last 50+ years (Paper I), and now we have several such events within the last few years, it is likely that we are observing the leading edge of the bridge structure, and the successive occultations presented here and in Paper I represent smaller coherent structures within it.
Evidence for Grain Growth in the Tidally Disrupted Disk
Although our color observations do not resolve the RW Aur system, observations by Antipin et al. (2015) show that RW Aur B has remained constant during the 2014-2015 dimming, indicating that the color changes observed are likely not due to Figure 6 . The B − V color of RW Aur increased from a quiescent value of ∼ 0.6 prior to the dimming, to ∼1.2 early in the 2014-2015 dimming, and then monotonically declined back toward the original value except for a brief reversal (JD-2450000 ∼ 7060) suggesting some inhomogeneity in the dust grain size distribution within the occulting material (see Figure 6) . Meanwhile, the V mag of the star during the middle of the dimming remained roughly constant, dimmed by ∼2.0 mag (see Figure 5 ). That the total extinction is roughly constant but the color of the extinction is changing indicates that the total absorption column is roughly constant throughout the occultation but that the ratio of total-toselective extinction changes. The initial change in B − V from 0.6 to 1.0 indicates a B − V color excess, E(B − V) = 0.4. With A V = 2.0, we have a ratio of total-to-selective extinction, R(V) = A V /E(B − V) = 2.0/0.4 = 5. This is the standard value typically adopted for dust grains in molecular clouds and star forming regions, which suggests the presence of dust grains, and not just molecular material, in the environment of this young system. The E(B − V) value then drops steadily to ∼0.2 and perhaps less, giving R(V) > 2.0/0.2 > 10. In other words, the occulting material becomes steadily more grey. Rather, the shift in observed R(V) indicates that the dust grains at the leading edge of the occulting feature are relatively small and representative of dust in star forming regions, whereas the material deeper into the occulter is likely comprised of larger grains, which could be dust grains onto which ice mantles have developed, and/or larger coagulated grains or pebbles (assuming the extinction is optically thin). Another possibility is that the steadily greyer extinction is caused by having a larger fraction of the occulting material be optically thick as the dimming progressed. Antipin et al. (2015) find that the RW Aur A spectral energy distribution changes during the 2014-2015 occultation and they suggest both a grey extinction and a selective extinction, similar to our results here. We do not know whether this evolved protoplanetary material existed prior to the tidal disruption event, or if the growth of the dust grains was aided by the disruption event. The evidence suggests that the building blocks of planetary material can exist in the space between binary stars, perhaps through fly-by interactions such as that seems to have occurred in the RW Aur system.
SUMMARY AND CONCLUSIONS
With the deep dimming event observed in 2010-2011 (Paper I), the intrigue surrounding the RW Aur system has dramatically increased. New photometric observations from KELT, AAVSO and KUO show two additional dimming events in 2012-2013 and 2014-2015 (the 2014-2015 dimming was first announced by Petrov et al. (2015) ). From our analysis, the observations of the additional dimming events are consistent with an occultation of RW Aur A by tidally disrupted material lying far outside the extent and plane of its short circumstellar disk. This interpretation has been supported by hydrodynamical simulations of the proposed RW Aur star-disk interaction (Dai et al. 2015) .
Multiband photometric observations during the 2014-2015 dimming showed that the occulting material became steadily more grey as the dimming progressed. This suggests that the outer portion of the occulting body consists of small dust grains while the core is primarily made up of (either or all three) large dust grains, dust enveloped in ice or is optically thick. Either way, the observations are consistent with evolved protoplanetary material and the evolution of this material may have been expedited by the tidal interaction. The recurring dimmings of RW Aur A will continue to increase the interest surrounding this unique system. Continued monitoring of RW Aur will provide insight into the effect the tidal interaction will have on the evolution of planetesimals from the disrupted material. Future high spatial resolution observations of this system would be of great value in clarifying the nature of the circumstellar environment.
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